Abstract. In this paper, we present and discuss the pre-Holocene dust profile of the Greenland Ice Sheet Project 2 (GISP2) ice core retrieved from central Greenland measured using laser-light scattering (LLS) from ice and compare it with the electrical conductivity method and oxygen isotope profiles. We describe how we dated the pre-Holocene ice using the annual dust peaks observed with LLS (starting from the accepted chronology to 2250 m) and obtained a chronology in substantial accord with the gas-age dating of the ice. We also show that the GISP2 ice core penetrated the Eemian and that a record of a 10.2-kyr penultimate glaciation is present in the GISP2 core.
Introduction
Dust, defined as a suspension of solid particles in a gas or a deposit of such particles [Pye, 1987] , is an important stratigraphic component of polar ice cores [Hammer, 1989] . Dust in ice cores retrieved from elevated regions in Greenland and Antarctica is assumed to be representative of the atmospheric dust burden at the time of snow deposition [Thompson, 1977] . By studying how the dust concentration varies with depth in a shallow Greenland ice core, Hamilton and Langway [1967] demonstrated that the dust concentration in the core varied seasonally. This observation led to the realization that the measurement of annual dust cycles along an ice core can help in identifying annual layers of snow deposition which, in turn, can help date the ice with great accuracy. The permanence of insoluble dust in polar ice means that annual insoluble dust maxima will be preserved and will not be affected by diffusion processes as is the case for oxygen isotopes [Hammer, 1977; Johnsen, 1977] . Hammer [1977] was the first to suggest that, compared to sampling dust concentration with Coulter (or Elzone) particle counters, 90 ø light scattering off polar ice meltwater would be a rapid and effective technique for measuring variations in dust concentration along an ice core. Royer [ 1981 ] [Hammer, 1980; 1983; Taylor et al., 1992] helped to accurately date the Holocene ice [Meese et al., 1994] . Except for two short sections of ice (1-3 m long each) which showed large (threefold) increases in background dust concentration, the background dust level throughout most of the Holocene ice was quite constant in agreement with oxygen isotope [Grootes et al., 1993] and ECM [Taylor et al., 1993 ] measurements on the core. Our meltwater LLS apparatus has been described in detail elsewhere [Ram and Illing, 1994 ].
The ice from depths greater than 1400 m in the GISP2 ice core is bubble-free when first retrieved. This is probably due to the formation of air hydrates which occurs at the high pressures encountered in the deeper ice [Miller, 1969] . Also, in analogy to findings on the Camp Century [Hammer et al., 1978] and Dye 3 [Hammer et al., 1985] ice cores, pre-Holocene GISP2 ice which corresponds to ice deeper than 1678 m [Alley et al., 1993] has a much larger dust concentration than Holocene ice. These two facts make it possible to measure the variations in dust concentration along bubble-free, pre-Holocene ice by scattering laser light directly off the ice without having to melt it [Ram et al., 1995] . We designed a 90 ø LLS apparatus to do just that and used it on the GISP2 ice core in the summer of 1992 [Ram et al., 1995] . Since the ice is not melted and is moved by a motor-driven mechanism [Ram et al., 1995] In dating using LLS, we counted every peak we observed in our dust profile as corresponding to an annual dust maximum. In These independent measurements seem to give strong support to our dating methodology.
Below 2849 rn and all the way down to the silty ice level, we can still observe clear, sharp dust peaks. Bender et at. [1994] have argued that the annual layering of the GISP2 ice core may be disturbed below 2850 rn so that, even though one can still count dust peaks, the absolute age of the ice determined by annual layer counting is probably not reliable. In spite of evidence that the layering of the GISP2 ice below 2850 rn may be disturbed, we decided to use our dust peak counts below 2850 rn all the way to the silty ice boundary to date the GISP2 ice and thus get a lower bound on the age of the deepest ice. Indeed, by using some LLS data that were taken with a step size of 0.5 mm for ice below 2900 m, we estimated that the age of the ice at the silty ice boundary was at least 250 kyr B.P.
The Dust Profile of Pre-Holocene GISP2 Ice
In Figure 5 , we show the complete dust profile we measured along the pre-Holocene ice from the GISP2 core using LLS from ice [Ram et our observations to date, we have to conclude that since the high particle concentration periods observed occurred during cold glacial times, they were probably the result of wind-blown dust produced by very strong winds during cold, arid, glacial times. Similar observations have been made in Antarctic ice by Petit et al. [ 1981 ] .
Note that the dust concentration in Figure 5 is expressed in relative units. This is certainly sufficient to display the seasonal dust peaks and to show the large changes in dust concentration that occurred in pre-Holocene times. Thus, as one can see from 
Conclusions
We showed that our LLS measurements from bubble-free, pre-Holocene ice give a high-resolution dust profile of the GISP2 ice core that displays all the Dansgaard-Oeschger events that are also seen in the oxygen isotope and ECM records. Starting from a depth of 2250 m, we used LLS annual dust peaks to date the ice all the way down to the ice-silty ice boundary. Down to 2808 m, our chronology is in excellent agreement with the independent gas-age chronology [Bender et al., 1994] giving strong support to our layer dating of the ice. Our age of the ice at 2849 m is 127.6 kyr B.P. This is the oldest ice to have been dated by annual layer counting. We extended our LLS chronology down to the ice-silty ice boundary which we dated at 194 kyr BP. The latter, however, is obviously not the last word since (1) 
